Background: Children are participating in sports at an increasingly younger age, which has contributed to an increased incidence of knee injuries among this population. Because of increased interest in the application of patient-reported outcome measures in orthopaedic surgery to evaluate treatment results, numerous knee outcome scores, including the International Knee Documentation Committee Subjective Form (IKDC), have been used to evaluate the knee. Although the IKDC has been validated only in adults, it is also being used for children because of a lack of appropriate outcome scores in the pediatric population. To address this concern, a pediatric version of the IKDC (Pedi-IKDC) was developed and evaluated for reliability, validity, and responsiveness. However, normative data for the Pedi-IKDC have not been established.
Because of its joint anatomy, large external forces, and high function demands, the knee is one of the most commonly injured joints among both adult and pediatric populations. 6 Children are participating in sports at an increasingly younger age, which has contributed to an increased incidence of knee injuries among this population. 16, 22 Because of increased interest in the application of patient-reported outcome measures in orthopaedic surgery to evaluate treatment results, numerous knee outcome scores, including the International Knee Documentation Committee Subjective Form (IKDC), have been used to evaluate the knee. 12 The IKDC is a knee-specific, validated outcome measure with established normative scores for adults 2 and can be used to detect changes in symptoms, function, and sports activity. 5, 12, 13 The IKDC has not been validated in pediatric and adolescent patients with knee problems 2, 14 ; however, it has been used to study this population, 7, 14, 17, 19, 21, 27 mainly because of the lack of an appropriate pediatric instrument. Children and adolescents may not understand aspects of adult instruments, and a previous study showed this to be the case with the IKDC. 14 The validity of using adult instruments with a pediatric population is questionable, with the possibility of significant ceiling effects. 24, 28 Taken together, there is concern that use of adult outcome instruments in children may lead to inappropriate conclusions regarding knee-specific outcomes, treatment, and research in the pediatric population.
To address this concern, a pediatric version of the IKDC (the Pedi-IKDC) was developed and evaluated for reliability, validity, and responsiveness. 14, 15, 18 Overall, studies showed that the Pedi-IKDC was an acceptable outcome instrument for a broad range of knee disorders in children and adolescents aged between 10 and 18 years. 15, 18, 23 However, normative data have not yet been established for the Pedi-IKDC.
To allow interpretation of scores in context, establishing normative data is a final step in outcome instrument development. It is essential that norms are valid scores derived from members of a clearly defined, random sample of the relevant population and taken from a representative and unbiased sampling frame. 4 A previous attempt to collect pediatric normative data used the adult IKDC form, which is not validated for the general pediatric population. 24 This study aimed to provide clinicians and researchers with pediatric appropriate normative data to aid in the interpretation of Pedi-IKDC results. To provide further evidence for the Pedi-IKDC's construct validity, we aimed to analyze the difference in scores between pediatric patients who had a history of knee surgery or limited activity compared with those who did not.
METHODS
This study was designed as a cross-sectional survey. The Pedi-IKDC is a modified IKDC Subjective Knee Form that was developed specifically for use in children and adolescents. The Pedi-IKDC consists of 15 items designed to assess pediatric patients' function and participation in sports activities and activities of daily living. Study participants included noninstitutionalized children and adolescents aged between 10 and 18 years, who were living in households in the United States and enrolled in a commercial polling company's research panel (ORC International).
Survey respondents were randomly selected from among those who volunteered to participate in online surveys and polls. ORC International, which administered these polls, sent approximately 50,000 potential participants an invitation. Survey invitations for children aged 10 to 12 years were first sent via email to their parents, who then asked the children to assent and complete the survey. Survey invitations were emailed directly to participants aged between 13 and 18 years. Fifteen percent of potential participants responded; however, only fully completed surveys (2000 participants, or 4%) were reported to our institution. This study, including the recruitment procedure, was approved by the Boston Children's Hospital Institutional Review Board with a waiver for obtaining informed consent.
The data collected encompassed the Pedi-IKDC, as well as age at the time of survey completion, sex, race, ethnicity (Hispanic vs non-Hispanic), level of participation in sports or exercise (usual days per week, including during the school year), history of knee surgery, time since knee surgery (\1, 1 to \2, 2 to \5, and 5 years), and knee-related limitation in activity over the prior 4 weeks. Each participant was assigned an index knee (left/right) at the start of the questionnaire. Participants were asked to complete the Pedi-IKDC only for their assigned index knee, and the surgery and activity limitation questions for each knee were asked separately, which allowed us to correlate the Pedi-IKDC score with surgery and limitations in the same knee.
The survey (including the complete Pedi-IKDC form in addition to additional questions pertaining to patients' demographics, history of knee surgery, and recent kneerelated activity limitations) was administered online. Two-thousand participants completed the survey between July 24 and August 12, 2013. Because only complete surveys were sent to our institution, there were no missing values in the data. Participants were recruited so as to achieve approximately equal numbers of completed surveys for each sex and each integer age group from 10 to 18 years. There were between 108 and 114 participants in each age/sex stratum.
For the Pedi-IKDC, subjects were asked about only 1 knee (referred to as the ''index knee''). Raw Pedi-IKDC total scores were rescaled to a 0 to 100 scale. The distribution of Pedi-IKDC scores was summarized descriptively with means 6 SD, percentiles, and ceiling percentages (the percentage of scores equal to the maximum possible value of 100). Because the distribution of Pedi-IKDC scores was skewed and had a large ceiling effect, it was not possible to transform the distribution to normality. Therefore, we used a nonparametric Wilcoxon or Kruskal-Wallis test to compare subgroups, and we used the van Elteren test (a stratified version of these tests) to adjust these comparisons for age. In all cases, the adjusted P values were very similar to the unadjusted comparisons and we report only the unadjusted P values. The van Elteren test was also used to confirm that the unadjusted and age-adjusted sex comparisons were similar.
The relationship between Pedi-IKDC score and age was illustrated by plotting percentiles (5th, 25th, and 50th) by age. Higher percentiles are not displayed, because the 75th percentile was equal to 100 in every age group as a result of a large ceiling effect. We then smoothed the percentiles with quadratic regression and used these smoothed values as normal values by age. Some form of smoothing is typically used in growth charts to incorporate information from nearby age groups, thereby reducing the effect of minor fluctuations in the unsmoothed percentiles that are attributable to sampling error. 9 The relationships between Pedi-IKDC distributions and other characteristics are illustrated with box plots. Lower and upper boundaries of each box represent quartiles.
RESULTS
Of the 2000 participants who completed the survey, 1007 (50%) were female and 993 (50%) were male. The overall mean age of respondents at the time of the survey was 14 6 2.6 years (range, 10-18 years). There were 1274 participants (64%) who identified themselves as being white only and 1716 (86%) who identified as non-Hispanic (Table  1) . Most participants were active in sports/exercise; 1429 (71%) participated in sports and/or exercise at least 3 days per week compared with only 152 (8%) who did not participate in sports and/or exercise at all (Table 1) .
There were 136 respondents (7%) who reported having a prior knee surgery, 13 of whom had surgery in both knees. Furthermore, 74 participants (54%) with a history of knee surgery had their surgery at least 2 years before the completion of the questionnaire, and 35 (26%) were less than 1 year out from their surgery. At the start of each survey, participants were assigned an index knee on which they based their answers when completing the questionnaire (1004 [50%] were assigned the right knee, and 996 [50%] were assigned the left knee). Seventy-nine participants (4%) had a history of knee surgery in their index knee ( Table 2) .
The distribution of Pedi-IKDC scores was skewed to the left, with a median 94.6 of 100 and about one-third of scores at the ceiling value of 100. The mean 6 SD score was 86.7 6 16.8. Table 3 presents the distribution of Pedi-IKDC scores overall and also within subgroups as defined by age and sex.
There was a significant relationship, although not a very strong association, between Pedi-IKDC scores and age (P = .02) ( Figure 1 and Table 3 ). Percentiles within each integer age group as well as the smoothed percentiles are shown in Figure 1 . The median value remained essentially constant by age; however, the lower percentiles increased a bit with age. Smoothed percentiles are presented in Table 4 . In addition, there was no evidence of association with sex (P = .17) (Figure 2 and Table 3 ).
To assess the validity of the Pedi-IKDC in this normal population, Pedi-IKDC scores were broken down by whether the respondent ever had knee surgery in the index knee (P \ .001) ( Figure 3 and Table 3 ) and whether the participant reported limited activity in the index knee during the past 4 weeks (P \ .001) (Figure 4 and Table 3 ). Participants with a history of surgery or limitations had lower Pedi-IKDC scores (means and medians, approximately 70).
There were no strong associations between Pedi-IKDC scores and race, Hispanic ethnicity, region, or sports activity level (Table 3 ). The ranges in median values across categories formed by each of these factors, as well as across age and sex categories, were at most 4.4 points on the 0-to-100 scale of the Pedi-IKDC. In contrast, participants who had a history of prior knee surgery and recent kneerelated activity limitations had median scores approximately 25 points lower than those who did not.
DISCUSSION
Approximately 38 million children participate in competitive sports in the United States. 25, 26, 29 The rate of such participation is increasing and younger age contributes to pediatric injuries. 10, 20, 25, 26, 29 The knee is one of the most commonly injured joints in children. 16, 17, 22, 25, 29 Patientreported outcome measures in orthopaedic surgery have been a reliable tool for evaluating treatment results, 1, 8 and the IKDC Subjective Form is widely used to assess knee function. However, the IKDC has been validated only in the adult population. 12, 13 Previous studies questioned using outcome scores validated in the adult population to assess the outcomes of pediatric patients. 24, 28 To evaluate and address issues related to the use of IKDC scores for pediatric patients, Kocher et al 18 assessed the IKDC instrument's comprehensibility through cognitive interviews with pediatric patients. Iversen et al 14 and Jacobsen et al 15 then proposed a modified Pedi-IKDC specifically designed for pediatric and adolescent patients, which was later shown to be valid and reliable.
14,15 The Pedi-IKDC score was also found to correlate clinically with the adult IKDC score, highlighting the interchangeability between the pediatric and adult IKDC scores especially in longterm follow-up studies. 23 Normative data have been reported for the IKDC but are not yet established for the Pedi-IKDC. 2 Anderson et al 2, 12 reported on normative data for the IKDC subjective knee evaluation form in the adult population. They collected data on 5246 knees and reported on variation of IKDC scores by age, sex, and history of knee problems. Slobogean et al 24 attempted to collect pediatric normative data for the adult version of the IKDC. However, their sample (children aged 12-14 years and at 2 local schools) was not representative of the general pediatric population. Slobogean et al also used an inappropriate outcome instrument for this population. They reported a mean IKDC score of 89.4, which compares with a mean Pedi-IKDC score of 83.6 to 87.4 for the same age group in our study (Table 3) . Oak et al 23 found that the Pedi-IKDC and adult IKDC scores were clinically similar in adolescents aged between 13 and 17 years. This correlation might not hold in younger patients, as reported by Iversen et al, 14 because of the limited comprehensibility of the adult IKDC among young children.
We collected data from 2000 subjects representing 49 of the 50 US states plus Washington, DC. In addition, we collected normative data for an outcome score that has been validated for the population in question. Population-based data have been collected using various methods and through a variety of sampling frames, including patient registries, 4 postcode sectors, 4 and commercially available data. 1, 2, 11 In Great Britain, normative data have traditionally been collected using the National Health Service (NHS) patient registry, because 96% to 98% of the population is registered with a general practitioner through the NHS. 4 However, this method is not available in the United States. Previous normative data studies in orthopaedic surgery by Anderson et al 2 and Hunsaker et al 11 had response rates of 67% and 56%, respectively, with data collection as short as 6 weeks using a panel survey methodology. Panel survey methodology is a market research method that is representative, is household based, includes children, and is a potentially rich source of variables. 3 Use of this method is ideal for normative data collection for the Pedi-IKDC.
Our study first aimed to provide clinicians and researchers with pediatric-appropriate normative data to aid in the interpretation of Pedi-IKDC results. The data in Table 3 and Figure 1 provide reference values to allow both clinicians and researchers to better evaluate knee performance at baseline and to determine treatment outcome. Participant sex was not associated with Pedi-IKDC scores, suggesting that our data can be used to interpret the Pedi-IKDC score based only on patient age for individuals aged between 10 and 18 years. For example, a 13-year-old with a Pedi-IKDC score of 50 is below the normative 5th percentile score of 52.5 ( Figure 1 and Table 4 ). With the 5th percentile defined as the lower limit of normal, this individual could be considered to have a value outside the normal range. In addition, the age-specific mean and SD values for the Pedi-IKDC (Table 3) , as well as the general population mean of 86.7 6 16.8, can be helpful in sample size calculations for studies that aim to make comparisons with a normal population. However, in light of the highly skewed and non-normal distributions, standard statistical analyses and standard sample size methods should be used with caution and a nonparametric approach based on percentiles may be more appropriate. Researchers should also be aware that the normative distributions may not be applicable to patients with knee problems, as evidenced by the very different distributions observed in participants with prior surgery or activity limitations. In this study, age was weakly associated with a higher Pedi-IKDC score, with the median score remaining relatively stable with age but the lower percentiles (5th and 25th) increasing a bit with age. This variation in lower percentiles should be accounted for when assessing patients in different age groups.
The lack of an association between respondent sex and Pedi-IKDC scores in our study is different from what Anderson et al 2 reported for adults in their IKDC normative data study. This could be attributable to more equal participation in sports in younger populations especially in this age group. For comparison with other research in which normative distributions are stratified by sex, the Appendix (available in the online version of this article) shows the distributions separately for male and female individuals. A second aim of this study was to further validate the Pedi-IKDC score in the pediatric and adolescent population. Hence, we examined the differences in Pedi-IKDC scores between patients with a history of knee surgery and compared them with patients without a reported history of knee surgery. Patients who reported having a history of knee surgery in their index knee and/or having limited activity in their index knee had significantly lower Pedi-IKDC scores (median scores approximately 25 points lower for both) ( Figures 3 and 4 and Table 3 ). These findings support the favorable results reported by Kocher et al 18 in their 2011 study on construct validity of the Pedi-IKDC. The 25-point difference associated with surgery and activity limitations suggests that a change of 25 points represents a clinically important difference. Because we did not assess finer gradations in function (eg, none, some, a lot, or total activity limitations), we were not able to estimate a minimally clinically important difference for the Pedi-IKDC; it could be that differences even smaller than 25 are also clinically important.
This study has several limitations. In addition to potential recall bias and the timing of survey administration (during the summer season when most participants were out of school), the 2000 respondents represent a very small percentage (4%) of the total that were initially contacted by the survey panel company to participate in our study. Furthermore, of the 15% who initially responded to the mailing, only 33% provided complete surveys with absolutely no missing values and were thus included in our analysis. However, our sample size is extremely well balanced in terms of age and sex and represents a broad national cross-section of the United States, with 49 states plus Washington, DC, represented. The index knee was also well balanced between the left and right. Participants were asked to indicate their general level of sports participation including during the school year, reducing the effect of seasonal variation in activity participation. The design of our study was cross-sectional; it would be interesting to evaluate Pedi-IKDC changes in subject-specific scores using a longitudinal design.
CONCLUSION
In summary, our normative data provide further validation of the Pedi-IKDC and should be useful both in the clinic and in the design and conduct of research. The lack of a sex-based effect and the minor variation with age both simplify interpretation and use of the Pedi-IKDC. The age-specific normative distributions can be used for evaluation of outcomes (eg, by placing a specific patient's score in the context of a normal population). Normative percentiles can also be used to classify a patient as above or below an age-specific cutoff, which may be useful as an indicator of recovery or as an endpoint in a research study. Finally, the distributions can provide assumptions to use in sample size or power calculations for studies that aim to make comparisons with a normal population. 
